During the last fifteen years psychiatry has been enriched by several important somatic treatment procedures which, in spite of their shortcomings, have revolutionized our approach to the treatment of mental illness. Each of these methods was based on certain clinical observations rather than on an understanding of the disorders treated. Only secondarily did their inventors explain them with theories which mostly turned out to be unfounded. Taking this into consideration it is even more surprising that these therapeutic methods were introduced quite independently from each other and that furthermore the clinical and theoretical basis claimed for them, differed so widely.
RELATION OF LOBOTOMIES TO THE SHOCK THERAPIES
During the last fifteen years psychiatry has been enriched by several important somatic treatment procedures which, in spite of their shortcomings, have revolutionized our approach to the treatment of mental illness. Each of these methods was based on certain clinical observations rather than on an understanding of the disorders treated. Only secondarily did their inventors explain them with theories which mostly turned out to be unfounded. Taking this into consideration it is even more surprising that these therapeutic methods were introduced quite independently from each other and that furthermore the clinical and theoretical basis claimed for them, differed so widely.
Frequently the new methods competed with each other, and attempts to integrate them were made slowly and somewhat reluctantly. Few psychiatrists engaged in work with one of the newer methods took an active interest in the development of the others. This explains some of the shortcomings in their broader application and delayed agreement on their respective indications.
Therefore, it seemed worthwhile to investigate their relation to each other, to outline their differences, to compare some of their clinical manifestations and, at the same time, to see how much such comparison may teach us regarding their mode of action. Since the normal way of finding treatments with a rationale based on the etiology of the disease thus far failed in large groups of psychiatric disorders, one may hope that perhaps the knowledge acquired from the effect of new treatments will, some future day, contribute to the understanding of the diseases treated. If at the moment, such hope does not look too promising the approach tried in this paper might at least bring up a number of problems for discussion, and, last not least, give me an opportunity to present my practical and theoretical ideas on shock treatments and psychosurgery.
It is true that all shock as well as psychosurgical methods were originally recommended for the large disease entity of Schizophrenia, where they still find their widest application. But when we are confronted with an individual case, indications for shock and psychosurgical procedures do not overlap as often as could be expected. In most cases shock treatments should be applied to the utmost before surgery can be considered. In many others, though, shock therapy is hardly promising or not even indicated. Selection of patients for psychosurgery is one of the most responsible tasks for the modern psychiatrist. It i;s obvious that the selection of cases must lie in the hands of experienced psychiatrists, and it is a new challenge to our field to revive objective means of diagnosis, to adhere to a well-established terminology, and, thus, to arrive at a diagnostic grouping which resembles as much as possible the diagnostic methods in other fields of medicine.
When we postulate that schizophrenics should be given an ample trial with all types of shock treatments prior to surgery, the question arises: What is adequate shock treatment, and when should it be given up and lobotomy considered? There is still considerable disagreement on this point. As in all problems concerning schizophrenia generalizations must be avoided in view of the great variability of the disease. For reasons of orientation the various groups of schizophrenia have to be considered' separately, but even breaking up the entity in the usual subtypes is not totally satisfactory. There is a great need for individual case reports rather than large statistics. Statistics are necessary as a rough means of orientation but they have many pitfalls, and additional knowledge could be obtained by publication of detailed treatment histories of as many well-documented individual cases as possible.
The requirements for adequacy in shock therapy prior to surgery differ. In acute schizophrenics I am inclined to start all patients on 20 ECT with a 3-treatments-aweek routine. If the response is striking, but the patient relapses after discontinuation of treatment, another series of 10 treatments is added. If the patient is again symptom-free, but relapses, a last attempt with ECT can be made applying the so-called intense or 'confusional' treatment: Such application of two to four convulsions every day brings the patient to a state of utter confusion and temporary organic 'dementia'. The superiority of this procedure over the three-treatments-a-week routine was not proven in our experience, but patients, even if they relapse, seem to hold the improvement longer, and a very few patients who relapsed before, stayed well after such confusional treatment.
After the failure with ECT some workers turn to electronarcosis treatment. In my own two years' experience with this method I did not see any clinical superiority of this cumbersome and unpleasant procedure over straight ECT. When the failure of straight ECT has become obvious, insulin coma treatment is instituted without further delay. Many workers prefer to start with insulin or combined insulin-convulsive therapy without previous ECT. In patients who were treated with insulin in the first place and failed to improve, ECT should always be added before surgery is considered. One of the reasons for this is that in deciding on the adequacy of shock treatment, the adequacy of insulin treatment cannot be easily established. Only deep comas can be counted. A series of 60 to 80 deep hypoglycemic comas, not counting the light hypoglycemic reactions, constitute an adequate course of insulin treatment, but in reviewing a case, reports on insulin treatment given elsewhere are meaningless without specification on how the treatment was conducted.
In cases of full remission under any type of shock therapy but later relapse, another course, preferably *combined insulin-convulsive treatment, should be instituted under any circumstances before a lobotomy is considered. In view of the undeniable side-effects as well as immediate operative risks, the psychiatrist should be reluctant to recommend surgery in cases relapsed only after a long and satisfactory remission. However, his attitude should be less conservative when a patient relapsed repeatedly, and periods of remissions were short. Where symptomatic or maintenance ECT is accepted by the patient, keeping him socially and professionally well adjusted, it should have preference before surgery. However, when remissions obtained with shock therapy are not only short but also poor in quality, early psychosurgery is justified even if only one year of continuous illness has elapsed. No strict rule's should be postulated for the waiting period before surgery is considered. Each case has to be judged on its own merits. We are against waiting too long, but on the other hand, we cannot accept as legitimate reason for early surgery such factors as the presence of assumed physical contra-indications against ECT. If hypertension, cardiac disease or other pre-existing diseases are occasionally mentioned in this connexion, it must be stated that large experience with ECT has shown that there are practically no contraindications for ECT; also fractures from previous ECT or even refusal of the patient to accept ECT voluntarily have been reasons for early psychosurgery which we cannot accept.
There is also no evidence that previous shock treatments add to the hazards of surgery. No relation between convulsive therapy and post-operative convulsions can be assumed because convulsive therapy does not predispose to epilepsy and is even used in its treatment. If the observation of scarring of the cerebral cortex made during operations on schizophrenics is confirmed, there is at least no evidence in the neuropathology of shock treatments which permits us to connect such observations with the shock treatments, or to look upon them as a reason against their intensive pre-operative use. In schizophrenia the patients who do not respond to shock therapy remain the only candidates for psychosurgery.
Which are the schizophrenics not responding to shock therapy? There are three different groups of failures; schizophrenics who fail, although they belong to those subgroups which usually respond well to shock treatment; those in groups which are known to be poor prospects for any treatment; and those in whom shock treatment is even hardly indicated. Failures in the so-called favorable groups should be submitted to surgical procedures rather early before true deterioration sets in. This applies mainly to catatonic excitements if they fail to show their usually good response to shock therapy, and acute paranoids. Catatonic stupors are mostly considered favourable cases, but this applies rather to the symptomatic removal of catatonic symptoms than to the chances for lasting remissions which, in catatonic stupors, are much rarer than generally thought. Early psychosurgery in this group will be more cautiously recommended because results of standard lobotomies in catatonic stupors are not convincing. Some attempts were made to modify the operation in catatonic stupors, and it is my hope that the discussion will bring us some information on the experience of the British workers.
The second group of shock failures, concerns those who were poor prospects to begin with, hebephrenics. They undoubtedly remain the most primarily malignant type of schizophrenics in spite of all the new treatments. Although one sees occasional exceptions, the majority of hebephrenics with their insidious onset and course of the disease remain almost untouched by shock therapy, yet, psychosurgery will be rarely recommended in this group, because they offer few of those symptoms which respond to lobotomy or other brain surgery. If their clinical level can be at least temporarily improved by an occasional symptomatic ECT, this is preferable to surgery which may add further damage to the deteriorating effect of the disease.
The picture is brighter in the third group of shock failures, where this treatment has never more than a temporary effect. Here, several different groups can be listed in which psychosurgery is from the start superior to shock therapy, and where it will have an increasing importance if we learn better how to avoid the side-effects of the operation. Into this group belong schizophrenics in the younger age bracket with predominantly neurotic symptomatology. They are often wrongly diagnosed as neurotics, but closer psychiatric observation will reveal somatic d,lusions, bizarre expression of symptoms or occasional hallucinatory experiences. This group, delineated by Hoch as pseudoneurotic schizophrenia, is usually quite resistant to psychotherapy, although some of these patients can be kept on a satisfactory level of adjustment. Whenever adjustment becomes impossible and the patient's suffering unbearable, one of the various procedures of frontal lobe surgery should be seriously considered. Preceding attempts with shock therapy, usually made in view of our own fear of a damaging operation, only serve to prove that these cases respond as poorly to shock therapy as they respond well to psychosurgery. Since among this group there are often gifted people, potentially able to perform well in even highly qualified professions, it is preferable to perform partial lobotomies or any of the newer psycho-surgical methods which have in common that they interrupt a smaller number of frontal pathways than the standard lobotomy.
Another group with poor response to shock therapy but very gratifying results under psychosurgery are cases of late schizophrenia with a predominantly paranoid symptomatology and well-preserved personality. They are often dealt with as involutional paranoids and also classified under the heading of paraphrenia. Like many patients with well-preserved personality they show no lasting response to shock therapy. They may forget their abnormal thought contents during the confusional state caused by the treatment, but their delusions return almost invariably. There is little reason to insist on long courses of shock therapy in these cases.
The psychiatrist watching the same schizophrenic under the effect of both treatment procedures sees striking differences. More detailed case reports would be helpful in this respect. So far, emphasis has been placed largely on the final outcome of the treatments, and little attention paid to phenomenological aspects. It is surprising that opinions differ in even such seemingly simple questions as to whether or not lobotomies remove hallucinations at once or only after many months or years, if at -all. In schizophrenics successfully treated with shock therapy, such secondary symptoms as delusions and hallucinations disappear. Patients who fail under the treatment lose these symptoms only as long as the organic blurring of the treatment lasts. Five to ten days after the series of convulsive treatment is over, the original symptoms in the unsuccessfully treated patient return. An analogous phenomenon occurs in lobotomies, where during the first stage of organic confusion delusions and hallucinations invariably disappear. This acute organic picture continues for a longer period of time than in shock therapy, but as soon as the patient was oriented again, delusions and hallucinations reappeared in most of our cases including successfully operated patients, in whom the hallucinations had lost all their malignant influence on the patient's emotional life. It is only after another period of months or years that they seem to disappear for good. Such observation may have some relation to the old experience that in chronic schizophrenics of ten, twenty, or more years' duration the hallucinations with increasing deterioration often disappear after they have become less and less important to the patient. It may be similar in frontal lobe surgery that the psychotic experiences become colorless when the anxiety giving them momentum is removed, and finally disappear altogether. If such observations in lobotomized patients are confirmed they are quite different from shock experiences. With insulin treatment hallucinations disappear slowly because no pronounced organic blurring covers them up. With convulsive treatment they disappear more suddenly after three or six treatments. In both shock methods, if treatment was successful, they do not reappear, and it is permissible to conclude that the treatment has touched a part of the central nervous system, where, by some unknown pathophysiological mechanism, these symptoms originated. We know which structures are reached by the surgical procedures; we do not know where the shock treatments act, but thinking in organic terms we may conclude that they interfere with deeper paths of the brain than lobotomy does, and that, in favorable cases, they represent a more direct attack on the centers involved in the schizophrenic disease process.
Turning now to the group of psychoneurotics the pattern of lobotomy results is very similar to the one seen in schizophrenia, but their response to ECT differs strongly. All that can be achieved with shock therapy in psychoneurotics, with the exception of neurotic depressions, is a temporary blurring of certain symptoms.
Contrary to this, psychoneurotics treated with frontal lobe surgery may perpetuate symptoms like obsessions or compulsions half-heartedly for a while, but the anxiety connected with them will be lastingly relieved. Therefore, shock treatments in neurotics show only temporarily what psychosurgery achieves as a lasting result.
In present statistics psychoneurotics already represent the second largest group of patients subjected to the operative procedures. The newer, less destructive operations promise to enlarge this field of application considerably in those cases where psychotherapy has failed. The shock treatments have a very small place in the treatment of psychoneuroses. Modified insulin therapy is of some value in more acute neurotic conditions, but the indiscriminate use of ECT in all types of neurotics should be strongly discouraged.
The affective disorders, second group of the functional psychoses, should not be too frequently subject to frontal lobe operations, because their response to ECT is almost a specific one. Surgery in the affective psychoses will be reserved for shock treatment failures. Sometimes such failures actually concern schizophrenics with mood swings who were erroneously diagnosed as affective psychoses. In the manic-depressive group, depressions and, with more intensive treatment, also manics respond reliably to ECT. The only drawback is that ECT does not prevent future episodes. Does psychosurgery prevent them ? Here again, more individual case reports are needed to answer this question. Some cases of episodic psychoses recently reported by Jones and McCowan showed that psychosurgery can prevent future episodes. The disappearance of periodicity after lobotomy, striking in their cases, is of great theoretical interest, and if confirmed would be an important difference between the two therapeutic approaches. It would also make psychosurgery the method of choice for those patients who constantly change from depressive to manic states. They are poor prospects for ECT which only shifts them from one phase into the other.
Involutional depressions usually occur in one single episode of considerably long duration. Even recurrent cases should again be subjected to ECT rather than to psychosurgery. Those not responding to ECT are usually mixed with paranoid and other schizophrenic features. In our own experience with involutional psychoses psychosurgery could be entirely limited to such mixed cases.
A group, mostly unresponsive to ECT, is represented by cases of hypochondriasis in the older age bracket. These patients, often wrongly diagnosed as involutional melancholia, are characterized by bizarre somatic delusions which bring them closer to the schizophrenic group than to the affective disorders. While patients with agitated depressions whom these cases might resemble, blame everything on themselves, cases of hypochondriasis are often resentful of the lack of sympathy shown by their relatives, and make life miserable for themselves and their surroundings. An attempt with ECT is justified because of the possibility of a diagnostic error. But these patients are singularly unresponsive to ECT. On the other hand, they are excellent prospects for the psychosurgical procedures. In view of their poor prognosis regarding spontaneous remissions, they should be early candidates for-the operation. If various aches and pains are the outstanding symptoms such cases form an interesting link to frontal lobe surgery in patients with intractable pain.
The value of either group of treatment in a number of other psychiatric conditions can be best understood by discussing certain differences in their action. Neither of them changes general personality traits, and this explains why neither of them has a place in the treatment of such personality disorders as psychopathic personality, homosexuality, alcoholism and so on, where they have been tried. Although psychosurgery leaves the basic personality structure untouched, it may be considered in rare cases of such disorders for the purpose of alleviating severe anxiety or removing disturbed, aggressive behavior. Practical results are mostly disappointing. Asocial trends remain unchanged and may even be exhibited with less restraint, although maybe with less aggressiveness. Shock treatments may find occasional application in alcohol or drug addicts in order to remove temporarily the craving during an attempt at withdrawal, but this effect will last only for days. On the other hand psychosurgery in patients operated on for pain is able to remove lastingly the cause for the addiction.
Special problems are offered by mental defectives. Here both shock therapies and psychosurgery, have been tried. Our own experience is scanty with the exception of cases of Propf-schizophrenia. These schizophrenic episodes implanted on mental deficiency have a very good prognosis under ECT. Mental deficiency as such only offers an indication for any of the treatments discussed here, when constant disturbed behavior, irritability or depressive features are the predominant symptoms of the mentally deficient person. Here, ECT has only a temporary symptomatic effect. Lobotomy has the same symptomatic effect in a more lasting way, as recently shown by Engler, but it seems to have so many hazards including higher incidence of convulsions, higher mortality and additional deterioration that Mackay discourages its use except for special cases. Therefore, the purely symptomatic effect which, here, both treatments have in common, seems to be more safely obtained by a maintenance type of treatment with electric shock.
Before we turn to the discussion of some observations of purely theoretical interest several applications of ECT in work with psychosurgery will be described. For one, ECT of the operation, since many other factors of his illness as well as his prepsychotic personality figure as prognostically important. An entirely negative response to the prognostic ECT test, however, seems to be of ominous prognostic significance.
Another application of ECT in direct connexion with the operation is its use as an anesthetic during transorbital lobotomy. On Dr Freeman's suggestion we have applied it routinely with this procedure. The effect of these ECTs must be taken into consideration when judging the early result of a transorbital lobotomy which is often deceivingly good for a week or ten days, thus corresponding to the duration of the transient ECT improvement.
Another application of ECT in work with psychosurgery is its use after lobotomy. Some authors claim occasional.good results in patients who have failed under shock treatment prior to the lobotomy. We were not able to confirm this, maybe because our own patients probably had a particularly large number of shock treatments before they were turned over to the brain surgeon. This raises the question whether a number of patients appearing in statistics on lobotomy might have improved under further shock treatment if such had been given. There is no objection against ECT after lobotomy, but there is no proof yet that such a combination will increase the number of cases with favorable outcome.
It was tempting to investigate how far certain differences between shock therapy and psychosurgery may contribute to our understanding of their mode of action. While in the field of shock treatments the actual gain in theoretical knowledge was greatly disappointing, much new information was obtained by work with the psychosurgical methods. The hope to gather more information from a comparison of the two groups of treatment encouraged the following thoughts.
An An entirely different picture presents itself in the shock treatments. In ECT the maximum effect is visible though maybe only temporarily, after an average of four convulsions, when in favourable cases such as depressions, the entire psychotic syndrome disappears. At this time, clinical and electro-encephalographic evidence of brain damage is still negligible. The improvement is usually not even a gradual one, but a patient who is unchanged up to the third treatment, may suddenly clear up completely after the fourth treatment. A quantitative factor in shock treatments can be seen only in the fact that the number of repetitions of the therapeutic convulsion, in certain disorders such as schizophirenia, improves the lastingness of the result. In insulin therapy the effect is more gradual, but the optimum result is also obtained relatively early in favorable cases, and here too repetition of the comas contributes chiefly to a more permanent result.
The question of relapses after shock therapy and psychosurgery reveals other differences. Fully aware of the danger of generalizations, we still feel justified in drawing certain conclusions from our own material and from the experience of others. It is undeniable that the worst drawback in all shock treatments is the tendency to relapse. The relapse rate is unduly high when we include those cases who relapse during the first few weeks, and who should rather be listed as failures. However, even in adequately and successfully treated cases the rate of late relapses is still considerable. On the other hand, true relapses after lobotomy seem to be rare. A lobotomized patient who has reached a certain equilibrium, even if he shows only a fair result, will not easily relapse into the same psychotic syndrome he had offered prior to the operation. We usually saw this only in patients in whom partial op-rations had been performed. A particularly striking relapse occurred in our lobotomy material after a spectacular improvement which, significantly enough, was not even accompanied by the usual personality changes. This patient went again into a full-blown catatonic excitement with all the features shown previously. Re-operated with a larger cut she showed a result which could not be called more than fair,-but this time, was permanent. Reports on thalamotomy also mention true relapses E only in cases where the lesion was too small. In extensive psychosurgical operations relapses do not seem to occur if we list as failures rather than relapses those where the symptoms never disappeared except for the time of the immcdiate post-operative organic reaction. We cannot consider as relapses those patients who, in spite of the operation, deteriorate further; it does not surprise that the disease progresses and particularly those primary schizophrenic symptoms which are known not to be influenced by frontal lobe surgery. If those differences which we tried to work out are confirmed by future experience they seem to suggest that shock therapy represents an entirely different and more direct approach to the site of the sickness. Thinking in anatomical terms this site must be in some part of the brain other than the frontal lobe or thalamus because in surgery, the site of approach is known to be limited to these parts.
Study of the organic symptoms after lobotomy has contributed much to our knowledge. Therefore, a comparison between the organic reactions of lobotomized and of shock-treated patients would be in order. The lobotomized patient shows an initial organic reaction close to dementia. When he becomes more responsive, he offers a Korsakoff-like syndrome which is characterized by a strange spottiness of recent and remote memory loss until he emerges from these temporary pictures and shows a more permanent syndrome which has some frontal lobe characteristics but in which he also behaves much likle any brain-injured person. He is less differentiated and functions in many ways differently than before. He is oversensitive to noises and other crude sensory stimuli, but less sensitive to more differentiated ones. The shock patient has none of these permanent characteristics of a brain-injured person. During the series of treatments he may go through various stages into a similar organic dementia, as, the lobotomized patient but ends up without any organic traces, In insulin therapy even the temporary organic symptoms are rather negligible. Therefore, it can be concluded that permanent organic psychiatric symptoms are not necessary for the recovery of psychotics. There is evidence that also the initial but transient organic syndromes seen in ECT as well as in lobotomy are unimportant for the therapeutic effect. In both treatments a correlation between the depth of the confusion and the final outcome has been claimed but in neither of them was this borne out by our personal experience.
Finally, some psychological differences of the various methods regarding the patient's post-treatment amnesia for his symptoms should be mentioned. The insulin patient often has good insight and remembers most of his pathological experiences. The ECT patient remembers little of his sickness, and it is only after weeks or months that he remembers some of his symptoms. The lobotomized patient, if he loses his symptoms, has hardly any insight. He even has.a strange way of denying any improvement. While the shock patient realizes the difference and is usually very grateful, the lobotomized patient never is. This does not seem to be a simple lack of gratitude but rather the inability to remember his symptoms. There is no explanation available for this fact which makes lobotomized patients so different from shock-treated ones. These and other psychological differences should be studied because of their possible importance for the localization of certain psychological reactions in the brain. To give a few differences: confused shock cases, even when deeply confused, are never as stubborn as lobotomized patients when their mistakes are corrected. Also their answers are never so amazingly wrong and yet presented with such certainty.
as in lobotomized patients. Furthermore, the rules of retrograde amnesia and subsequent return of material in chronological order which is surprisingly constant in ECT, is never displayed as clearly after lobotomy, where for some time after the operation, the patient offers a strange mixture of recent and remote memory loss.
Another observation which invites some meditation is that in patients, who during a transorbital lobotomy receive-three or four ECT as a means of anesthesia, the sen-sorium becomes clear apparently faster than when a patient had three or four electric shocks without a lobotomy.
Of the many basic questions brought up by the new methods one may be briefly mentioned. Does man lose the ability to react with functional psychoses when we diminish his brain tissue? We have no proof that animals with less brain tissue have functional psychoses. Since they can be relieved in man by diminution of functioning brain tissue, it is possible that this is the way how psycho-surgery acts. The absence of true relapses after large operations would support such assumption. Shock treatment does not destroy brain tissue and certainly does not reliably prevent psychosis.
It is not my intention to lose myself in speculations, but I wanted to shew how many avenues of thought are opened up by the new therapeutic approaches. We probably have to formulate certain hypotheses if we want to find newer and more effective treatments to which the two ways of approach to the treatment of mental illness compared in this paper may lead us some future day. We know something of the mode of action of psychosurgery but nothing about the way shock treatments work. Both treatment procedures leave many basic questions still open, and this is not surprising as long as the diseases we are treating are not understood. However, it is a fascinating thought that our therapeutic attacks on these disorders might answer some questions regarding their actual pathology.
Before closing I wish to admit that the title of this paper, namely 'Relations of lobotomy to the shock treatments', had a more negative than positive meaning, Yet, it was hoped that by working out their differences, not only their respective indications could be specified, but that our attention would also be focused on some points of theoretical interest which future research may clarify. DISCUSSION Dr E. CUNNINGHAM DAX said that this was a difficult subject which had been admirably dealt with by Dr Kalinowsky from his very great personal experience.
In opening the discussion one might draw similarities between the shock therapies and leucotomy in so far as they were both non-specific physical methods of treatment, which had not thrown the expected light upon the nature of mental illness, although they had done something towards furthering classification. He noticed that Dr Kalinowsky said that they must adhere to a well-established terminology but one of the advantages to emerge from the various treatments, now investigated for some years, was that terminology might be altered as a result of what had been found.
It was interesting to notice that both leucotomy and the shock treatments had undergone modification; in convulsion therapy the method had largely changed from drugs to electrically induced convulsions and later to the elimination of the convulsions, whilst the incisions for leucotomy had moved from section of the greater part of the white matter of the frontal lobes to selective incisions, cortical undercutting, topectomy, and thalamotomy. In the earlier stages of the work on convulsion therapy it was considered that the convulsion itself must produce the effect as subconvulsive applications were of no value. It would also be remembered that Gillespie suggested that the sub-convulsive state produced by prolonged narcosis was responsible for its success and it had also been said that the early convulsions of insulin coma therapy were like the continued insulin and convulsive therapies -responsible for better results in treatment. The work on curare and the anti-convulsant drugs had raised doubts about these points, and by comparison it was of interest that the early lesions made in leucotomy operations embraced the upper and middle portions of the frontal lobes and not infrequently caused epilepsy, whilst the later lower incisions had produced comparable results in series of cases practically free from epileptic fits.
This suggested some common heading, but he was rather worried by the way in which Dr Kalinowsky had assumed (or so it seemed to him) from the beginning, that these various forms of therapy were complementary. It would have seemed that shock therapy was a necessary preliminary to almost any other form of treatment, but one wondered whether in certain cases shock therapy might actually have an adverse effect.
It has been suggested that the effects of convulsion therapy are due to an electrical leucotomy, even if reversible. This mainly rests on animal experiments where comparatively large amounts of electricity were used; he had, however, seen a spider-like haemorrhage on the surface of the brain in a case opened up for a leucotomy operation directly following an electrically induced convulsion.
It would seem that a means of investigating the relationship between the shock therapies and leucotomy might be to take some cases successfully treated with leucotomy and a comparable number who had failed to react and to see if any difference had been shown in the reactions of the two groups to the various shock therapies before operation. He had taken a series of 50 consecutive cases discharged after operation and compared them with 50 consecutive cases unsuccessfully treated by this means, the two series dating immediately prior to4iast March. There are obviously many criticisms which may be made of this somewhat crude comparison and it could hot be expected to do more than point towards any further investigations which could be made in a general way. In Dr Kalinowsky had already shown that preliminary-ECT was useful as an aid to prognosis in patients before leucotomy. The speaker's own figures were small, but they did not confirm that observation. Further work was obviously necessary.
The matter of personality changes loomed large in the discussion of leucotomy, but he believed that the greatest advantage of the operation was that it could influence personality whereas the other shock therapies had no comparable effect. Personality change did not necessarily mean deterioration; one did not see what one might call 'the microscopical' effects of the operation by selective incisions, but 'the microscopical' results could be demonstrated by some tests. It might be that the maximum number of fibres could be divided with the smallest incisions when they were made in the lower quadrants, but at least many association fibres were spared, the extent of the damage was less and fibres from the orbital cortex were divided. The feeling of the neurosurgeons that 'it does not matter what we cut' to produce an effect was emphasizing the quantitative rather than qualitative aspect. He felt that the psychiatrists should rally their forces and say that the complicated structure of the brain with its very intricate fibre connexions, had not been devised by accident and in spite of all that they had been told he did not believe that the same effects were obtained from a section of one part of the frontal lobe as another part. His work and experiences did not confirm that.
The shock therapies and leucotomy had one great point in common which was that they provided a magnificent stimulus to psychiatric treatment and research. and his first impressions were that in the group of psychiatric disorders which he had come to call obsessional psychosis, electronarcosis had something to offer in the way of permanent improvement. There was a group of early paranoid schizophrenic patients who seemed to respond to pulse-wave electrocoma even better than to insulin shock therapy. There was, perhaps, one small point on which he might offer a word of caution. Dr Kalinowsky stated that there was no indication against the application of electrical convulsion therapy to leucotomized patients, but he was not sure that that was true. There were certain indications, he thought, that the scar-tissue which formed after leucotomy acted as an abnormal conductor of the electric current. He thought it was significant that in the few fatal cases following electrocoma and ECT a significant number had occurred in leucotomized patients.
Dr TURNER MCLARDY said that there were two small points in Dr Kalinowsky's general conclusions which he would like to query. The first of these was that relapse to the status quo was never complete after a full cut. From a review of all the available literature and considerable personal material, he and Davies (J. Neurol. Neurosurg. Psychiat., 1949, 12, 231) had come to the conclusion that many of the symptoms and syndromes characteristic of the functional psychoses could recur in full after practically complete bilateral isolation of the whole prefrontal cortex from its long fibre connexions. Perhaps the most convincing evidence was that of Peyton, Noran and Miller (Amer. J. Psychiat., 1948, 104, 513) who had performed lobectomy operations on psychotics, entailing the almost complete bilateral removal of the prefrontal regions. In a private communication they had said that of the original 14 cases 2 had shown a relapse: one, a chronic catatonic schizophrenic who had improved appreciably, started to regress one year after operation into a state of severely deteriorated hebephrenia; the second, a chronic puerperal psychotic who had shown marked improvement, regressed almost completely to her pre-operative state three months after the operation.
The second point concerned Dr Kalinowsky's impression that there seemed to be no increased response to convulsion therapy after leucotomy. His own general impression, derived from the literature and personal material as outlined in the article already quoted, was that there is a tendency towards increased response to environmental influences, including electrical convulsion therapy and insulin therapy.
Finally, perhaps it would be relevant to mention that at the Maudsley Department of Neuropathology 18 brains had been examined in detail from patients submitted to electro-convulsion therapy from 15 to 150 times, and in none of them was there any histological evidence of pathological change in any part of the brain or brain stem. Dr A. SPENCER PATERSON (London) thanked Dr Kalinowsky for his excellent paper, but he pointed out that in this country many psychiatrists had found electronarcosis a very useful method of treatment. He h-ad found that'the technique of giving 'intensive ECT', i.e. shocks in quick succession, had often effected a recovery, when ordinary ECT had failed. The results with electronarcosis were even better than with intensive ECT and yet the unpleasant side-effects of the latter were avoided. In England it had not been found necessary to give the high currents favoured elsewhere. In the first half-minute about 200-240 m/A were given instead of 400 often used in the U.S.A. or 600 in Italy.
When simple ECT failed in depressions, some psychiatrists were apt to recommend a leucotomy, but his co-workers had found' that electronarcosis often succeeded in these cases, especially with patients in middle life, even if there were hallucinations, delusions or severe obsessional symptoms.
The expression 'electrocerebral treatment' was a convenient one to include electroshock or electronarcosis (ELN). Three years previously when ELN was started, there were still many psychiatrists who disliked ECT and who used it as little as possible. The speaker, however, had considered that t-he best course was to make a careful study of various techniques in order to produce the maximum therapeutic effect with the minimum of noxious side-effects. As the result of three years' work it could safely be said that it was not the actual fit which caused the therapeutic effect. It was a mistake to think that ECT was the last word in electrocerebral treatment. There was already evidence that with correct size of electrodes and correct placement, and with a particular type of wave a therapeutic coma could be produced without causing a fit or even a rise of blood pressure. He said in conclusion that electronarcosis as used at present had a definite place in psychiatry and that with further work still better results might be obtained.
Dr KALINOWSKY, in reply, said that he thought the discu,issers had treated him very well considering the many controversial points which he had brought forward. There were a few points on which he could answer Dr Cunningham Dax. It was disappointing that the hopes to learn something about specific function in special areas of the frontal lobe had not been fulfilled. His great interest in psychiatry would always be to find localization of psychiatric syndromes, but two facts emerge from the experience with psychosurgery which is much larger than any previous experience based on brain tumour or other neurological diseases. Psychotic syndromes as seen in the major psychoses do not originate in the frontal lobe; and there is no specificity of function in special areas of the frontal cortex.
Dr Strauss had interested him very much when he said that he obtained better results with electronarcosis than had been obtained in America. It is very difficult to compare shock treatments. They were given one after the other, and there is always a summation of effect. He always pointed out to those who gave one treatment inadequately and then considered the next type of treatment as being better, that inadequately treated patients are unsuitable evidence that the next treatment was better. Furthermore, if one gave electronarcosis in certain types of patients before carrying out any other type of treatment the question was how the patient would have responded to the usual electroconvulsive treatment. Nobody had yet made a really comparative study of the effect of the various treatments adequately applied, and his own feeling was that all the treatments had very much the same results, although most people did not agree with this point. It was interesting for him to hear of patients in whom post-operative electric shock was effective. There was no reason why it should not be. It was possible that sometimes organic symptoms were removed which came out after the operation because all types of organic psychotic reactions could be influenced by electric -shock, and there was no reason to think that it would not be possible with post-leucotomy reactions as well. He He wished to say once more that the individual cases with detailed reports on all types of treatment given and their effects on the patient should be published much more frequently rather than mere statistics on large groups. It was disappointing to see almost identical improvement figures in all types of treatments. One had to learn which treatment is effective in which individual case; this one can only learn from detailed treatment histories of individual cases.
The question of daily confusional electric shock treatment was difficult to decide, but those who were in favour of confusional treatment were also those who gave many treatments and he was not surprised that they had results in patients where previous routine treatment was ineffective. It was difficult to prove whether confusional treatment would have done more had it been carried out with the same number of treatments given at longer intervals and less organic confusion.
The question of different currents was interesting. He could not be convinced so far that any of the treatments with different types of current were superior to others, and he was always a little sceptical about the whole approach because it was not the electrical current which caused the therapeutic improvement but it was the convulsion or the coma, Application of electricity without convulsions had been tried before the shock treatment era, and there had been no improvement in the psychoses.
The main conclusion to be drawn from the discussion on all these treatments was that there was an active approach to disorders which up to about fifteen years ago, could not be attacked to any extent. It would be through their differences of opinion that psychiatrists would make progress and get more patients out of their mental suffering.
THE PHYSIOLOGICAL BASIS OF SHOCK THERAPY'
By Professor E. GELLHORN Laboratory of Neurophysiology, Department ofPhysiology, University of Minnesota
The thesis presented today is in essence the same which was published in 1938 [1] but its factual basis has been widened considerably. Its starting point was the clinical observation that functional mental diseases and particularly schizophrenia involve autonomic disturbances probably at the diencephalic level. Tests in which the reactivity of autonomic centers under conditions of stress was studied on controls and on schizophrenics seem to show that the responsiveness of sympathetic centers is diminished in the latter group. That the chief difference concerns higher autonomic centers is indicated by the fact that certain autonomic reactions proceed within normal limits in schizophrenics whereas emotional stress acting at the hypothalamic level reveals a diminished sympathetic reactivity. Experimental analysis of the procedures 'Supported in part by a grant from the Office of Naval Research.
used in the shock therapy of mental diseases shows that each one produces a powerful stimulation of sympathetic centers although the physiological mechanism leading to this stimulation is fundamentally different in procedures such as insulin hypoglycemia and electroshock. Finally, observations on patients before and after shock treatment suggest an increase in sympathetic central reactivity with clinical improvement.
Let us grant for a moment the triad of observations on the relation between autonomic reactions and schizophrenia, i.e. diminished sympathetic reactivity of schizophrenics, prolonged excitation of sympathetic centers in shock therapy and, finally, increased sympathetic responsiveness with increasing clinical improvement. Furthermore, let us infer that these data strongly suggest that the sympathetic system plays an important role in the pathogenesis and therapy of mental diseases. Even then our problem, to arrive at a physiological analysis of these relations, is by no means solved.
To complete the picture it is necessary to take into consideration the fact that the diencephalon contains not only an efferent system through which autonomic and somatic effects are induced (Cannon's 'downward discharge') but also an afferent system through which the hypothalamus is linked with the cortex. Experiments indicate that hypothalamic excitation causes both upward and downward discharges and lend support to the assumption that even without overt stimulation tonic impulses influence visceral as well as cortical activity. These hypothalamic-cortical impulses are not sympathetic since they persist after cervical sympathectomy or high spinal transsection but they form an integral part of hypothalamic activity. Since under various experimental conditions a distinct parallelism between the autonomic 'downward discharge' and the hypothalamic-cortical 'upward discharge' could be seen it is understandable, at least in principle, that excitation of autonomic hypothalamic centers may alter cortical activity and thereby behavior through action on the cerebral cortex. Experiments which showed significant changes in conditioned reactions as the result of 'shock therapy' in normal animals may therefore be interpreted as a physiological demonstration of this action.
Before presenting some of the data upon which this interpretation of the mechanism of shock therapy is based one criticism should be disposed of. Several authors [2, 3] noted that the injection of adrenaline was without benefit in schizophrenia and felt that this observation disproved the validity of the hypothesis just presented. This seems to be, to express the matter charitably, a rather naive reasoning. The emphasis in previous publications from this laboratory has been on the excitation of autonomic centers at a high (probably diencephalic) level, the long persistence of these effects and the consequent alteration of cortical activity due to changes in hypothalamiccortical relations. That stimulation of autonomic centers such as the hypothalamus is accompanied by the secretion of adrenaline is undoubtedly true; however, the assumption that the secretion of adrenaline represents the sole important effect is logically and physiologically erroneous since the complex action of central autonomic excitation is arbitrarily identified with only one of the factors involved. Consequently, from the point of view of the theory under discussion a beneficial action from the injection of adrenaline was not expected. As a matter of fact it was shown earlier in collaboration with Darrow [4, 5] that adrenaline actually diminishes hypothalamic sympathetic excitability. Although the secretion of adrenaline may be taken as an indicator of central autonomic discharges numerous central effects are obviously present even after removal or denervation of the adrenal medullae. It is therefore not surprising that behavior changes could be induced through various forms of so-called shock therapy not only in normal but also in adreno-demedullated animals. These experiments again support, at least for the physiological experiment, the assumption that procedures used in shock therapy act primarily through central autonomic discharges and through their effect on the cerebral cortex.
at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from It is now my task to present the chief evidence for this theory although time does not permit a complete discussion of the literature.' Diminished responsiveness of the sympathetico-adrenal system in schizophrenics has been observed by numerous authors. Finkelman [6] states that exposure to cold results in a greater fall in temperature and a lesser rise in oxygen consumption in schizophrenics than in normals. Both effects are accounted for by deficient secretion of adrenocortical hormones since adrenalectomized animals show a greater fall in the temperature of the body and a lesser rise in oxygen consumption than unoperated animals (Horvath, Hitchcock and Hartman [7] ). However, this alteration in the function of the adrenal cortex has to be considered in the light of work in which a relation between cold and adrenal medulla was thoroughly established. Hartman, McCordock and Loder [8] demonstrated the excitation of the sympathetic adrenal system in cold, and recent experiments showed that the activity of the adrenal cortex on exposure to cold is regulated, at least in part, by the degree of adrenomedullary secretion (Gellhorn and Frank [9] ). In view of these findings it is suggested that the lessened reactivity of schizophrenics to cold is due to the fact that the secretion of adrenaline from the adrenal medulla initiated by the cold stimulus is diminished in these patients and that consequently the adrenocortical reactions are likewise deficient.
The failure of the blood sugar to rise in conditions of apparent emotional excitement (Whitehorn [10] , Gellhorn, Allen and Feldman [11] , Parsons and collaborators [12] ) seems likewise to indicate a diminished responsiveness of the sympathetico-adrenal system and the diminished vasomotor pressor response and lessened reactivity of the psychogalvanic reflex [13] , which is based on a cortical sympathetic reflex on the sweat glands, requires a similar interpretation.
These data would suggest a subnormal reactivity of the sympathetic centers in the hypothalamus in functional psychoses. Since many conditions such as anoxia, cold and emotional excitement which previously were shown to induce a sympatheticoadrenal discharge (Cannon [14] ) call forth at the same time a vago-insulin discharge (Gellhorn and collaborators [15] ), it may be expected that an imbalance in the autonomic centers could be demonstrated in schizophrenia. Such interpretation is supported by experiments in which blood from excited psychotic patients and from normal individuals (medical students subjected to a three-hour examination in physiology) was tested on hypophysectomized-adrenodemedullated rats. These animals react normally to adrenaline and are highly sensitive to insulin [16] . A predominance of the sympathetico-adrenal effect would appear as a rise in blood sugar in a test animal while a prevalence of the vago-insulin discharge would result in hypoglycemia. The results showed that in practically all psychotics the balance of the autonomic centers was shifted to the side of the vago-insulin system since marked hypoglycemia appeared in the test animals [11] . However, in the control cases the blood sugar of the test rats was either increased or unchanged. In view of the fact that in experimental animals the responsiveness of the sympathetico-adrenal system may be altered by several physiological factors [17, 21] while no such changes could be induced in the reactivity of the vago-insulin system, the data would suggest that the imbalance was due to a diminished reactivity of the centers regulating the activity of the sympathetico-adrenal system and not due to an increase in the responsiveness of parasympathetic centers.
Certain clinical and experimental data seem to give further support to this interpretation. Diminished activity of the thyroid gland in at least a certain number of schizophrenics has been found by several authors (Hoskins [18] , Rheingold [19] ) and Gjessing [20] showed that cases of periodic catatonia were improved on treatment with thyroxin. On the other hand, it was found that the sympathetic reactivity of animals to metrazol as measured by the degree of hyperglycemia was markedly diminished 'Concerning the older literature cf. E. Gellhorn, Autonomic Regulations, New York, 1943, Chapter 19. after thyroidectomy and increased by administration of thyroxin (Gellhorn and Feldman [21] ). The latter phenomenon must be interpreted as being due to increased reactivity of the centers since on administration of subtoxic doses of thyroxin the hyperglycemic reactions to the centrally acting metrazol is increased while the hyperglycemic effect of the peripherally acting adrenaline is unchanged. It is also of interest to mention that no evidence for an action of thyroxin or thyroidectomy on the vagoinsulin system was found.
The next question concerns the nature of the essential changes which occur in the central nervous system as the result of "shock" therapy. Although the speaker is not qualified to evaluate clinically the various forms of shock treatment it may be stated that apparently widely different forms of treatment such as convulsions induced either chemically or electrically, as well as hypoglycemic coma and barbiturate treatment, call forth an improvement which suggests a common causative factor. This, I believe, lies primarily in the excitation of the sympathetico-adrenal system.
That electroshock or metrazol causes a sympathetico-adrenal discharge is easily shown by the hyperglycemia seen in normal animals. After removal of the adrenal medullae electroshock induces a hypoglycemia while in adrenodemedullated-vagotomized rats the blood sugar remains unchanged after electroshock [22] . These experiments indicate that both vago-insulin and sympathetico-adrenal systems discharge as a result of electroshock and that in normal animals, at least as far as the blood sugar changes are concerned, the reactivity of the sympathetico-adrenal system far outweighs that of the vago-insulin system.
Recent experiments suggest that this discharge is only the starting point of a series of reactions which involve the major part of the endocrine system. It has been shown that conditions such as convulsions (Gellhorn [23] ) induce a lymphopenia which is caused by increased secretion of adrenocortical hormones. Since this reaction is absent in adrenodemedullated animals it may be inferred that the secretion of adrenaline initiates alterations in the secretion of adrenocortical hormones through the mediation of the hypophyseal adrenotrophic hormone. This interpretation is supported by the observation that injection of minute quantities of adrenaline induces lymphopenia and that this reaction is absent in adrenalectomized rats [24] . The physiological changes accompanying metrazol convulsions likewise indicate excitation of the sympathetico-adrenal system. Alterations in blood sugar of normal, adrenodemedullated, and adrenodemedullated-vagotomized rats are in good agreement with those previously described for electroshock. The experiments are again an indication of a discharge of both the vago-insulin and sympathetico-adrenal systems with the latter predominating. The marked contraction of the sympathetically innervated nictitating membrane, the maximal dilatation of the normal but not of the sympathectomized pupil and the occurrence of sweating from t-he foot pads of the cat (galvanic reflex) give further indication of a sympathetic discharge. These sympathetic discharges persist in spite, of ligation or removal of the adrenal glands. There is also evidence of parasympathetic discharges but in general, except for the initial fall in blood pressure (vagal excitation), the sympathetic effects predominate [25] .
Two more procedures, the sleep treatment ('Dauerschlaf') and the insulin shock need yet to be treated. In contradistinction to previously discussed methods of shock therapy they do not involve convulsive activity. There The occurrence of a sympathetico-adrenal discharge in hypoglycemia is well established by numerous investigators [26] . Sympathectomized animals are hypersensitive to insulin [27] , adrenaline appears in the blood during hypoglycemia (Tietz, Dornheggen and Goldman [28] ) and the adrenaline content of the adrenal medulla is diminished (Saito [29] ).. That the excitation of the sympathetic system is not confined to the release of adrenaline is shown by the fact that insulin hypoglycemia causes constriction of the denervated nictitating membrane in animals in which the adrenals had been functionally eliminated. The contraction of the denervated nictitating membrane appears therefore to be due to the release of sympathin from postganglionic sympathetic nerve endings (Partington [30] ). There is likewise evidence for the fact that as in experimental convulsions, hypoglycemia leads to a fall in lymphocytes which is partially initiated by a sympathetico-adrenal discharge (Gellhorn and Frank [31] ).
As to the action of barbiturates on the autonomic nervous system it may be said that they raise the blood sugar temporarily [26] . This effect is due to a sympatheticoadrenal discharge since it is absent after adrenodemedullation. This interpretation is supported by the observation that barbiturates lead to a temporary dilatation of the chronically denervated pupil suggesting again a release of adrenaline (Gellhorn [32] ).
Although it may be said that procedures leading to convulsions (electroshock, metrazol) as well as barbiturate sleep and insulin hypoglycemia cause an excitation of the sympathetico-adrenal system the mechanism involved in its initial stages seems to be quite different in the two groups. Whereas the former are accompanied by maximal convulsive discharges which occur in cortical as well as in subcortical structures, signs of greatly diminished cortical activity appear in the latter. In view of the fact that the inhibitory role of the cortex on somatic and autonomic functions is well established it is suggested that in barbiturate sleep and insulin hypoglycemia the sympathetico-adrenal discharge is not the result of an excitation of autonomic centers but due to their release from cortical control. On the other hand it is assumed that electrically as well as chemically induced convulsions lead to a direct excitation of subcortical autonomic centers, but, in addition, it is not unlikely that excitatory processes in the hypothalamus are favored through release from cortical dominance since in the course of convulsive activity the cortical potentials may completely disappear for some time.
The data presented thus far seem to justify the conclusion that convulsions (electroshock, metrazol) and non-convulsive procedures of shock therapy (hypoglycemic coma) as well as barbiturate sleep lead to an excitation of the sympathetico-adrenal system. That autonomic centers at the medullary and hypothalamic level are involved seems to follow from several studies although this phase of the investigation is by no means complete.
Gellhorn and Darrow [4, 5] showed that the reflex effects of sciatic stimulation on blood pressure, pupillary dilatation, contraction of the nictitating membrane and sweating are increased on administration of metrazol and that such effects of augmented sympathetic responsiveness are independent of convulsive activity and secretion of adrenaline since they are observed also in curarized animals and after adrenalectomy. Of particular interest is the observation that metrazol increases significantly the reactivity of the hypothalamus. If the contractions of the sympathetically innervated nictitating membrane are recorded under conditions of central (hypothalamic) and peripheral (preganglionic fibers of the superior cervical sympathetic) electrical stimulation before and after injection of metrazol, it is found that this drug greatly increases the responsiveness of the nictitating membrane to central but not to peripheral stimulation. Moreover, this effect can be shown to persist for many minutes. Such a persistence of central autonomic discharges is likewise apparent from periodic contractions of the nictitating membrane which may continue after metrazol administration for a considerable time after the convulsions have ceased.
Increased reactivity of autonomic centers in hypoglycemia is inferred from a study of the pressor effects induced by inhalation of oxygen-nitrogen mixtures at various blood sugar levels. It was found in experiments on anesthetized animals [33] as well as in man [34] that the vasopressor action of anoxia increases with decreasing blood sugar level and that a similar effect can be demonstrated when carbon dioxide is used as a stimulus [35] . Since carbon dioxide continues to have an increased vasopressor action in hypoglycemia after denervation of the sino-aortic receptors it may be said that the reactivity of autonomic centers is increased to reflex stimulation (action of anoxia on the chemoreceptors of the sino-aortic area) and to direct stimulation of sympathetic centers (carbon dioxide pressor effect in the sino-aortic denervated animal). Similarly it was found that the blood pressure rise to increased intracranial pressure [36] increases with falling blood sugar and that this result persisted after sino-aortic denervation. Although it may be stated with confidence on the basis of these experiments that the reactivity of the sympathetic centers to afferent stimuli originating in the chemoreceptors of the sino-aortic region and to direct stimulation is increased in hypoglycemia it remains to be shown that these changes affect medullary as well as hypothalamic centers.
In order to link the action of various forms of 'shock therapy' on the centers of the autonomic system to the therapeutic effects seen in man, the persistence of these effects becomes a matter of major interest. Studies on rats gave evidence that the increased sympathetic reactivity resulting from repeated electroshock continued for a number of days as indicated by the greatly increased hyperglycemia following a standard test with anoxia (Gellhorn and Safford [37] ). No such evidence could thus far be obtained for the action of repeated insulin comas. However, the failure of the blood sugar to rise above the control level in response to the standard stimulus was shown to be due to the fact that repeated insulin comas practically abolish the glycogenolytic effect of adrenaline. Further studies on prolonged effects of repeated insulin coma on autonomic centers are desirable with other indicators than blood sugar for the functional changes occurring in the sympathetico-adrenal system. It is not the task of the present paper to develop a theory of the physiological foundations of behavior but it may be taken for granted that behavior in the human, at least, is determined to a large extent by the reactions of the cortex. On the other hand the profound influence of emotion on behavior is generally recognized and appears to be related to diencephalic-cortical discharges (Cannon's 'upward discharge'). The nature of these hypothalamic-cortical relations has been clarified by anatomical studies (Papez [38] , Le Gros Clark [39] , Ingram [40] ) and by physiological experiments. With the latter it could be shown [41] that hypothalamic stimulation results in a distinctive excitatory effect on the cerebral cortex as manifested by the increased rate and amplitude of the 'background' potentials and by the suppression of 'dial potentials' during and following hypothalamic stimulation. These effects became even more marked when strychnine was applied to a cortical area. The firing of cortical neurons initiated by strychnine is likewise increased in frequency on stimulation of the hypothalamus. This facilitatory influence is found in motor, sensory projection and in association areas. The action is bilateral although greater ipsilateral with the site of hypothalamic stimulation. The parts of the hypothalamus which give rise to these phenomena elicit at the same time sympathetic discharges but the cortical activation is independent of the latter and persists also after elimination of the adrenals.
The hypothalamic-cortical relations could be further clarified by the use of the method of neuronography (Dusser de Barenne and McCulloch [42] ). Injection of strychnine into the hypothalamus was found to cause first 'firing' (as indicated by the appearance of spikes) of the dorsomedial thalamic nucleus and later of the cortex [43] . This may be followed by the appearance of spikes on the contralateral side in hypothalamus, dorsomedial nucleus, and cortex. It may be assumed that the hypothalamiccortical pathways just disclosed are utilized for discharges originating in the hypothalamus under physiological conditions. Applying these results to the problem at hand it is suggested that shock treatment consisting of application of electroshock and chemically induced convulsions (metrazol) which lead to increased activity of autonomic centers in general and of the hypothalamus in particular, increase hypothalamic-cortical discharges and cause thereby a change in cortical activity and ultimately in behavior.
Such an interpretation is also applicable to the insulin coma and sleep treatment with this difference, that in the case of these procedures the increased hypothalamiccortical discharge would result not from direct hypothalamic excitation but, as was mentioned earlier, from removal of cortical control (hypothalamic release). The powerful influence of such an hypothalamic release could be demonstrated by the following experiments [44] .
If strychnine was injected into the hypothalamus of an anesthetized cat it led to the appearance of spikes in the hypothalamus while the cortical activity was characterized by grouped sleeplike ('dial') potentials. ' The hypothalamic and the cortical activity appeared, in general, independent of each other and no synchrony existed between various cortical areas. When anoxia or asphyxia was introduced it was noted, as the cortical potentials disappeared, that synchronous spikes suddenly appeared in all parts of the brain investigated. This discharge, in which the hypothalamus clearly became the pacemaker of brain activity, lasted for sixteen to twenty-five seconds and showed a maximal rate of discharge varying between 6 and 34 per second. It is inferred from these observations that the hypothalamus does not act as a pacemaker of cortical activity as long as the excitability of the cortex is unchanged. However, in conditions such as asphyxia and anoxia which lead to a greater depression of the cortex than of the hypothalamus and therefore to a relative predominance of hypothalamic excitability the discharge of the hypothalamus regulates activity in thalamus, basal ganglia, and cortex, and leads to periods of complete synchrony in subcortical structures and cortex. It is probable that not only asphyxia and anoxia increase greatly hypothalamic discharges but also other procedures such as insulin hypoglycemia and barbiturate sleep in which cortical activity is depressed and consequently the inhibition of the cortex on the hypothalamus is diminished. This interpretation may likewise give a clue to our understanding of the principle involved in narcosynthesis and related therapeutic procedures (cf. Sargant [45] ).
Behavioral reactions are best studied in animals by conditioning. Therefore, it was thought of interest to determine whether convulsions or insulin coma modify conditioned reactions. The following procedure was used. Normal rats which jump from one compartment across a small partition to an adjacent compartment in response to a slight electric stimulus applied to the grid of the compartment (unconditioned response) are trained to react in a similar manner to a conditioned stimulus such as a bell or a light. After this reaction has been established it is inhibited by lack of reinforcement, i.e. the conditioned stimulus is repeatedly applied without the unconditioned stimulus. No spontaneous recovery was seen under these conditions but convulsions induced by metrazol or electroshock and particularly insulin coma restored the inhibited conditioned response [46, 47] . This action is cumulative and may in the case of insulin coma lead to a prolonged recovery.The effect of the insulin treatment depends on, the number of insulin administrations and the degree of hypoglycemia, coma being the most effective procedure. If several conditioned reactions are established with this method and are then inhibited by lack of reinforcement in a definite temporal sequence a recovery of these reactions may follow hypoglycemic coma or electrically induced convulsions [48] . This effect of insulin coma or experimental convulsions seems to be specific inasmuch as the restitution of inhibited conditioned reactions is not accompanied by a change in the response of positively established conditioned reactions." The conclusion that shock therapy and particularly insulin coma specifically restituted inhibited conditioned reactions was supported by the following experiments [49] which consisted of two groups. In the first the animals were conditioned, then inhibited by lack of reinforcement and hereafter the degree of recovery of the conditioned reaction on treatment with insulin coma was ascertained. This constituted the first part of the experiment (A). Thereafter the conditioned reaction was again fully established by reinforcing the conditioned stimulus. Then, this conditioned reaction was abolished, not by internal inhibition but by countershock, i.e. the electrical shock was applied to the grid of the two adjacent chambers when the conditioned stimulus was presented. The rat jumped, of course, into one of the adjacent compartments and was driven back through the shock into the original cortpartment. Repetition of this procedure for several days abolished the conditioned reaction completely. Thereafter insulin coma was applied in the same manner as in the first part of the experiment, and the degree of recovery of the conditioned reaction was again determined. This section of the experiment is referred to as part B. The experiments showed clearly that the procedure A led to the typical recovery whereas under B no recovery took place. Apparently the recovery of the i.e. reactions which had not been inhibited by lack of reinforcement.
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The last group of experiments was designed to clarify the role of adrenaline in shock therapy. It was mentioned earlier that the sympathetic discharge originating in the hypothalamus and altering cortical activity via the central thalamic nuclei (particularly the dorsomedial nuclei) is considered to be the core of our theory. Consequently, it appears to be on theoretical grounds not feasible to replace shock therapy by the injection of adrenaline. This was clearly stated in my first publication on this problem in 19381 [1] . The fallacy of the conclusions drawn by Himwich [3], Cameron [2] and others will appear from the following data:
(1) Stimulation of the hypothalamus leads to bilateral cortical discharges which persist in spite of cervical sympathectomy and transsection of the spinal cord although sympathetic charges to the brain and the secretion of adrenaline are eliminated by the operative procedures (Murphy and Gellhorn).
(2) Rats in which the adrenal medullae have been removed bilaterally show the recovery of previously inhibited conditioned reactions after insulin coma or electric shock in the same manner as normal rats (Gellhorn [50] ). Apparently the secretion of adrenaline which accompanies the excitation of sympathetic centers in shock therapy is not essential for the striking behavioral changes described earlier.
(3) Injection of adrenaline was found to be ineffective to restore previously inhibited conditioned reactions although insulin coma and electroshock induced a complete or nearly complete recovery of these reactions [50] .
(4) Adrenaline administered in minute quantities diminishes the reflex excitability of the sympathetic nervous system as well as the responsiveness of the hypothalamus to electrical stimulation [4, 5] . Thus, the contraction of the nictitating membrane elicited by stimulation of the mammillary bodies is diminished after injection of adrenaline although the reactivity of this structure to stimuli applied to the cervical superior sympathetic remains unchanged. Moreover, the sympathetic responses such as rise in blood pressure, sweating, and contraction of the nictitating membrane which follow stimulation of the brachial plexus are greatly diminished. Lastly, it could be shown that the convulsive reactions induced by metrazol may be diminished by adrenaline through sino-aortic reflexes [51] .
From these data it may be inferred that our theory does not support the assumption that the injection of adrenaline should modify behaviour. Further, it will be noted that insulin coma and electrically or chemically induced convulsions do not act through the secretion of adrenaline. On the contrary it is believed that they greatly increase the reactivity of autonomic centers which in turn may influence the cortex of the brain and possibly the basal nuclei in such a manner as to restore normal behavior. The secretion of adrenaline is but one symptom of the central effect and probably of minor importance in the chain of events which take place in conditioned experimental animals as well as in mental patients subjected to shock therapy.
The investigations may be summarized, somewhat dogmatically, as follows:
(1) Reactions to stress which elicit sympathetic responses in normal individuals are weak in schizophrenics. This suggests that the autonomic (sympathetic) centres are less reactive in this psychosis. ' Obviously, epinephrine, which acts peripherally... [is] unsuited for this purpose because... [it tends] to diminish the central activity of the sympathetic system. The rise in blood pressure due to administration of epinephrine results in diminished sympathetic activity induced by pressor reflexes originating in the carotid sinus and elsewhere in the body (Heymans, Bouchaert and Wierzuchowski). Moreover, even when epinephrine does not increase the blood pressure, it lowers the activity of the sympathetic centers by means of chemoreflexes from the area of the carotid sinus (Chu and Hsu).
Quoted from Gelhorn (1938).
(2) Procedures used in the shock therapy of mental disease invariably involve in the experimental animal an excitation of the sympathetico-adrenal system as indicated by hyperglycemia, contractions of the nictitating membrane, rise in blood pressure, sweat secretion, lymphopenia, etc. Hypothalamic and (or) medullary autonomic centers are in a state of heightened excitability as seen in experiments involving direct or reflex stimulation. Chronic experiments indicate that these conditions may persist for relatively long periods of time.
(3) It is suggested that this state of heightened hypothalamic and medullary discharges results from two fundamentally different mechanisms. In the case of insulin hypoglycemia and barbiturate medication (Dauerschlaf) it is the result of disinhibition from cortical control; in the case of convulsions induced by metrazol or electroshock the direct excitation of these centres appears to be primarily involved although the cortical silence following generalized convulsions may also contribute to hypothalamic excitation through disinhibition.
(4) Activation of the hypothalamus, directly or reflexly, is accompanied by excitation of the ipsilateral and contralateral cortex which takes place primarily via the dorsomedial nucleus of the thalamus. This 'upward' discharge occurs also in conditions in which cortical excitability is reduced or abolished and is therefore interpreted as the result of hypothalamic excitation through cortical disinhibition. These hypothalamic-cortical changes are believed to be responsible for the alteration in behaviour patterns which may be seen after successful treatment in clinical cases as well as in experimental animals. Experiments on conditioned reactions before and after different types of 'shock treatment' may serve as physiological models of such changes. It is shown that shock treatment and particularly insulin coma leads to the restitution of previously inhibited conditioned reactions but does not alter the positively conditioned reflexes.
(5) These changes in conditioned reactions occur in normal as well as in adrenodemedullated rats. They cannot be induced by the injection of adrenaline. These facts are not in contradiction with the theory. Its core is not that insulin coma and electrically or chemically induced convulsions act through the secretion of adrenaline but that they greatly increase the reactivity of autonomic centres which, in turn, may influence the brain in such a manner as to restore normal behavior.
(6) Hypothalamic-cortical discharges persist in spite of cervical sympathectomy and elimination of the adrenals and are apparently independent of the sympathetic 'downward' discharge. The latter provides only a convenient indicator of the reacivity of these structures and thereby, indirectly, of the intensity of the 'upward' discharge.
Finally, it should be emphasized that this topic has been limited to the physiological basis of shock therapy. Consequently other equally important aspects of this problem have been omitted.
Without attempting to place undue emphasis on the experimental approach to the understanding of a disease entity which cannot be produced in experimental animals t may' be hoped that the continuation of this research on a broad basis may not only advance the important field of hypothalamic-cortical relations but ultimately throw some light on the pressing problem of schizophrenia.
Permit me to say in conclusion that I greatly appreciate the honor to speak to this distinguished group of psychiatrists under the chairmanship of Sir Henry Dale whose fundamental contributions to experimental medicine I have long admired DISCUSSION Dr W. MAYER-GROSS (Dumfries) said that it gave him much pleasure to open the discussion after Professor Gellhorn's most interesting and stimulating paper. As a clinical psychiatrist he belonged to those who had been groping in the dark by treating patients without knowing the rationale of what they were doing and hoping that one day some elucidation would come. Now this had been provided by experimental physiology. As a rule physiologists try to avoid the field of psychiatry because psychological complications are not welcome in experimental work. Moreover, Professor Gellhorn from his 'organismic' point of view came much nearer to the approach of the clinician than those physiologists who confine themselves to a special organ or organ system and its problems. His book had made a great impression on everybody working in this field and it was most interesting to hear from him personally about his latest work.
As a clinician he had certain questions which it was probably presumptuous to ask because they concerned detail which the experiments perhaps could not clear up. Why should it, for instance, be necessary to put the patient into coma, i.e. in a state of decortication, to achieve a therapeutic result? Why is it not possible to stimulate the hypothalamic centres during a mild hypoglycaemia as applied in Sargant's modified insulin treatment? That this is so, seems to prove, he thought, that not only stimulation of lower centres was needed but that the cortex must be influenced directly in order to re-condition it to normal behaviour. How that fitted in with the findings of Dr Gellhorn, he supposed the latter would have no difficulty in answering.
Experiments as described today carried out in animals were hardly possible in patients. On the other hand, people who gave insulin and convulsive treatment every day, like himself, have their patients in a quasi-experimental situation, which was standardized in many respects. The temptation to make use of this opportunity for clinical research in the direction and on the basis of Dr Gellhorn's studies was considerable yet little use has been made of it and very little notice been taken by clinicians of Gellhorn's work.
Dr DEREK RICHTER (Cardiff) asked if Professor Gellhorn could say anything more about the mechanisms by which shock treatments such as an electrical stimulus of the brain, or insulin shock, actually changed the behaviour patterns. He thought the evidence was very convincing of a change in the pattern of reflex behaviour, but how was it that electrical stimulation produced this action on the brain? In considering that problem one could hardly ignore the chemical effects which occurred in the brain as a result of electrical stimulation. These from the point of view of the biochemist were dramatic. There was a loss of something like 700% of the whole brain phosphocreatine content, there was a large rise in lactic acid and there were changes in acetylcholine as a result of ECT (Richter and Crossland, 1949). The normal level showed a sudden drop during the shock followed by a rise, and there was no convulsion until the acetylcholine had risen again: when the convulsions started there was a seeond drop in acetylcholine followed by a more gradual return to the normal level.
Changes of that kind were suggestive, but on the other hand so easily reversible, so temporary were they, that it was hard to explain on that basis the more permanent effects of shock treatment on the brain. The only clues one had as to what might be happening to the permanent structures were the changes in two other metabolites, ammonia and phospho-lipids. There was an immediate release of ammonia which suggested the possible involvement of the nitrogen metabolism and hence the proteins. There was no bulk change in the lipids but by the sensitive radioactive tracer method changes could be shown in the tissue phospho-lipids as a result of ECT and insulin treatment. This involved one of the more permanent structural elements of nervous tissue: it might offer an experimental basis for explaining-some of the changes in the reflex behaviour pattern produced by shock treatment. Dr H. WEIL-MALHERBE (Essex) said he had carried out experiments lately on the effect of adrenaline in hypoglycaemic coma in connexion with the observations of Mayer-Gross and Walker who had found that glutani'c acid and other amino-acids had the effect of terminating the hypoglycaemic coma. In his view the mechanism of this effect was adrenergic. To clinch the point he tried the effect of intravenous adrenaline injections. It had been found that rather small doses of adrenaline (intravenous) had exactly the same effect as the amino-acids: they terminated the coma and they caused a similar rise in blood sugar. There were only one or two cases who did not respond and their reaction to glutamic acid was also slight and variable. The point he wished to make was that, however large was the activity of the sympathetic system in insulin hypoglycaemia, the susceptibility to even small doses of injected adrenaline had not been lost.
Dr DENIs HILL (London) thanked Professor Gellhorn for his Address. Largely as a result of Professor Gellhorn's work, some years ago he and his colleagues began to study effects of hypoglycaemia in normals, schizophrenics and other psychotics. The method was to have a standard test and to study the sympathetic-adrenaline responses. A record was made of the changes of the heart rate and palmar skin resistance every 15 seconds, the blood sugar curve was studied in some detail and the effects on the cortex by the EEG from three pairs of scalp electrodes were also studied. It was found that before the sympathetic-adrenaline discharge occurred there was a change in the brain waves, the discharge being seen very frequently within thirty seconds to one minute of this. Within four to five minutes the blood sugar curve rose, indicating the result of activation of the adrenaline mechanism.
In schizophrenic patients the order of these events was variable. What Professor Gellhorn had said was confirmed: there was a diminished reactivity of the sympathetic-adrenaline system in the schizophrenic, that is, the rise in the blood sugar level was delayed much longer in the schizophrenics than in the controls. In many cases of catatonic stupor it did not occur at all. Similarly, in patients with chronic schizophrenia, the brain wave changes were delayed but the order of events for the response to hypoglycaemia, that is, brain-wave change, the sympathetic-adrenaline response, and rise in blood sugar level was varied. In catatonic stupor there was no sympatheticadrenaline response and no change in the brain waves.
Since the brain-wave changes, which represented depression of cortical function, occurred before the sympathetic-adrenaline response, and since both were delayed in the psychotic group, was Dr Gellhorn certain that the hypo-reactivity of the autonomic centres in psychoses was really what was being observed? Did it not mean that there was a failure, a change in cortical function? Professor Gellhorn had emphasized that there was a sort of balance between the cortex and the diencephalon. The cortex was an inhibitor of the diencephalic release, and Professor Gellhorn had also shown that the diencephalon discharged upwards to the cortex and excited the cortex so that the circle was complete. In these experiments it was the cortex which failed to show the slow waves, it did not show the depression in its functions as measured by the EEG. That was the point which had been reached and the speaker and his colleagues were not sure whether in schizophrenia there was a failure of responsiveness of the diencephalon or some failure in the function of the cortex.
The CHAIRMAN, Sir Henry Dale, said that there were all kinds of questions he would like to put to Professor Gellhorn but he would not delay the meeting by putting them all. There was one central question, which was rather puzzling him, and that was whether Professor Gellhorn suggested that it was the depressing activity of the autonomic centres in the diencephalon which was responsible for the effect on the cortex; and whether, in the hypoglycaemic, and the chemically and electrically excited convulsions, it was the dieucephalon and hypothalamic centres which were being directty stimulated. Was it the discharge of the autonomic centres which in turn was affecting the functions of the cortex, or were the funct-ions simply parallel, the convulsive agency affecting both kinds of centres, which happened to be anatomically associated in that part of the brain?
Had Professor Gellhorn any explanation, further, for what these records seemed to suggest, namely, that when the autonomic centres were all under stimulation, whether by hypoglycaemia, metrazol, or by electrical stimulation, the sympathetic peripheral effects seemed to predominate over the parasympathetic? Had Professor Gellhorn any reason to suggest that the sympathetic centres were quicker on the trigger, or more ready for stimulation?
There was the factor of long persistence. Professor Gellhorn showed that some of his effects on the autonomic response persisted for thirty days. Was there any kind of analogy in that with the curative effects of which they had been hearing from their psychiatric colleagues? Thirty days in the life of a rat represented a much longer section of the whole than in the life of a man.
Professor F. L. GOLLA (Bristol) said that like everybody who had worked on neurophysiology in relation to psychiatry he felt stimulated, excited and gratified to hear of the work of Professor Gellhorn. It might possibly interest him to know that, pursuing the lines he had suggested in his laboratory, Dr Ashby had been able to show after the post-convulsive stage, after a series of ECT there was an increase of corticotrophic hormones in the blood. There was likewise evidence of an increase in the gonadotrophic hormones. There were certain other points which were of interest in connexion with Professor Gellhorn's work. Some he must claim to have demonstrated as long ago as 1924 when he was able to show a general slowing up of many forms of activity. Thus the respiratory response to CO2 was an example of the general slowing of the somatic reactions in schizophrenic patients, as compared with the normal. Similar slowing occurs in gastric secretion, in the specific dynamic responses to food ingestion, and in the blood picture reactions. All these responses eventually occurred but were always very much delayed. That being so, he thought no one could accuse him of not being in great sympathy with Professor Gellhorn. He was delighted with the work he had brought before the meeting, but they were all constantly making the same mistake of over-abstraction when they were considering the functions of the central nervous system. The psychiatrist thought of the functions of the cortex, those who were interested in neurophysiology tended to look at the lower mechanism about which Professor Gellhorn had spoken. There were certain things which seemed incompatible with a primary disturbance in the hypothalamus. Why was it that a disturbed woman got amenorrhoea, and so on? Why was it that a similar disturbance in a man would cause diminution or absence of the libido? Why was it that secretory phenomena were equally affected by disturbance of the brain which was subjected to what they were pleased to call psychosurgery?
Was it not that there was a continual reaction to cortical activity by the hypothalamus, and hypothalamic activity reacted on cortex. In many of the cases improved by physical and surgical treatment he thought that the primary disturbance was in the hypothalamic centres and they had only to realize that any form of disturbance arising from a purely surgical stimulus affected in varying degree the hypothalamic centres. If they concentrated on one or-the other they went wrong, in some patients it would be the reaction on the higher centres, in others the lower centres.
In 1894, Chaplin showed that all forms of epilepsy tended to cause a marginal gliosis chiefly affecting the frontal lobe. These observations had been reaffirmed recently. It was quite conceivable that after a series of shocks a cortical change was produced which had its repercussion on the hypothalamic structures. He would be prepared to think that in the cases where there was an absence of hypothalamic reaction, where there was amenorrhoea, absence of gastric secretion, absence of various other visceral responses, that there was organic damage to the hypothalamic region with secondary disturbance of cortical function. In considering ECT they had to account for the fact, not that they had produced a temporary improvement or an improvement lasting for a day <or two, but that they had produced in a great many cases a permanent one. The permanent improvement was generally accompanied by some slight degree of intellectual impairment, and in such cases an operation had been performed electrically on the cortex which, mutatis mutandis, was not unlike the operation performed by the surgeons. The patients had been freed from the inhibitory effects of an emotional disturbance possibly by the selective damage done to the prefrontal cortex by the anoxaemia induced by the fit. Dr H. T. Wycis frankly admitted that these beautiful experiments had left him somewhat disturbed. If they were to assume that there was depressed reactivity in the hypothalamic mechanisms in cases of schizophrenia, a further depression of the function of these centres should aggravate the behaviour and symptoms. In certain cases of schizophrenia in whom Dr Spiegel and he had performed hypothalamotomy they had made lesions in the posterior lateral hypothalamus and the patients had been distinctly improved. He would ask Professor Gellhorn whether or not he was doing the right thing.
Professor GELLHORN, in reply, said that he was afraid he would not be able to answer all the questions. With respect to Dr Wycis's question it should be mentioned that destruction of the hypothalamus had two entirely opposite effects depending on where the lesion is made. Lesions in the posterior hypothalamus cause somnolence and diminished excitability but lesions in the ventromedial nuclei have the opposite effect (Wheatley). How these results apply to the human is not known, but apparently the hypothalamus is not a uniform structure and the effect of a lesion would produce different effects if different parts of the hypothalamus are involved.
The question of whether in schizophrenia there was a disturbance of the hypothalamus or whether it was a secondary to cortical disturbance was not for him to answer; however, a number of psychiatrists including the late Dr Douglas Singer consistently emphasized the fact (he could never see the clear evidence for it, but that might be his lack of clinical knowledge) that in schizophrenia the primary disturbance was autonomic. Similar ideas were expressed by Ewald, Hoskins, Lemere, Delay, Nielsen and others.
Sir Henry Dale's question as to the causes of diminished sympathetic responsiveness was a very interesting one; its clinical aspects could be answered only by a competent psychiatrist. From the physiological point of view it may be said that studies on rats showed that age was a very important factor in the reactivity of autonomic centers and in autonomic balance. It was found that the sympathetic response decreased with increasing age. Other factors (endocrine activity) might, of course, be of equal importance since some of their earlier work showed that the reactivity of sympathetic centers was increased with thyroid medication and diminished after removal of the thyroid, How long the effect of repeated electroshock on the reactivity of autonomic centers lasted was not determined accurately. Preliminary tests showed that after an interval of ten days the increased sympathetic reactivity persisted. Consequently, in the chief group of experiments the test was performed before and immediately after a series of electroshocks had been given and thirty days thereafter. The latter test showed the reversibility of the effects of electroshock. There were some striking long-lasting effects of insulin hypoglycemia on conditioned reactions which may be comparable to the long-lasting effects which shock therapy may have in the human.
The core of the theory presented was the alteration of central autonomic (hypothalamic) functions as the result of 'shock therapy' and its reverberation on the cortex. This alteration might be the result of release from cortical inhibition under conditions such as hypoglycemia which diminishes cortical activity or might occur from direct excitation of the hypothalamus in electroshock.
The CHAIRMAN, Sir Henry Dale, said that he rather wanted to elicit Professor Gellhorn's view as to whether the centres in the hypothalamus which influenced the cortex were the autonomic centres; he took it that the hypothalamus and the ventricular floor were not one compact functional unit and that they contained nuclei of other functions than those concerned with the autonomic system. Professor GELLHORN replied that the hypothalamus is often considered to be solely an autonomic structure but that was erroneous; it was based on the fact that from the hypothalamus sympathetic and parasympathetic effects could be elicited. However, even after section of the cervical sympathetics or high spinal transsection stimulation of the hypothalamus continues to influence cortical activity. This latter action is believed to be of great importance in shock therapy. Apparently the neurons of the hypothalamus which initiate sympathetic effects and thosp hypothalamic neurons which are responsible for the hypothalamic-cortical discharge are anatomically different structures but they undergo frequently similar changes in excitability. Thus, anoxia or asphyxia which depresses cortical functions increases the reactivity of the diencephalic sympathetic neurons [52] and also increases the hypothalamiccortical discharge (cf. fig. 1 ). Therefore the reactivity of sympathetic centres may be a fair indicator of the reactivity of the hypothalamus as a whole and consequently of the intensity of the hypothalamic-cortical discharge.
The experiments of Dr Hill were of very great interest because he was using physiological methods to determine the time relationship between hypoglycemia and the sympathetic response and obtained evidence of a diminished responsiveness in schizophrenic patients. He made the interesting observation that the schizophrenic is less sensitive to changes in blood sugar than the normal. These observations based on the EEG suggest a diminished reactivity of the cortex but they do not exclude the possibility that this result is related to diminished hypothalamic-cortical impulses.
Professor Golla 's pioneer work, replied Professor Gellhorn, is gladly acknowledged. That sympathetico-adrenal discharges increase the secretion of hormones of the adrenal cortex (via the hypophysis) was confirmed in his own work presented in the main paper. He felt that Professor Golla's observation of disturbances in the sexual sphere (amenorrhoea, absence of libido) in mental patients is quite compatible with the assumption of hypothalamic dysfunction in view of the profound effects of hypothalamic stimulation on gonadotrophic functions [26] .
With regard to Dr Richter's question Professor Gellhorn felt that increased hypothalamic-cortical discharges might account for alteration of behavior following insulin coma or electroshock. To link these rather general neurophysiological mechanisms with definite chemical changes in various parts of the brain remains an important problem for future research.
Professor Gellhorn had not made studies similar to those of Dr Weil-Malherbe but would like to mention experiments on rats which were kept in prolonged insulin coma. Injection of glucose failed to restore normal behavior in these animals but electroshock led to restitution of the EEG and behavior even in adrenodemedullated animals although the blood sugar was not raised [53] .
Finally, Dr Mayer-Gross had asked why sub-coma was ineffective. Professor Gellhorn emphasized that in his studies on the restitution of previously inhibited conditioned reactions a degree of hypoglycemia which led to diminished reflexes but did not induce coma was invariably ineffective. Here again there seems to be a striking parallelism between experimental results and clinical experience. Apparently in insulin hypoglycemia only a considerable depression of cortical functions leads to a sufficient disinhibition of hypothalamus with consequent increase in hypothalamic-cortical discharges.
